A complete change in lifestyle, a strict diet and intensive combined pharmacotherapy (HMG CoA reductase inhibitors are the most important components) are necessary for patients with familial hypercholesterolemia (FH) and provide excellent results in most patients. Unfortunately, these measures are not sufficient for all patients (1-6). Homozygous FH patients usually fail to show any response to pharmacotherapy. LDL-apheresis has become the standard treatment for individuals homozygous for FH (7-9). In homozygous FH, statins provide a range of responses, decreasing the plasma LDL anywhere from 0% to 48%, with an average of approximately 15% for receptor-negative individuals and approximately 26% for receptor-defective individuals (5). LDL-apheresis could be offered to treat symptomatic coronary heart disease in individuals who are heterozygous FH and whose LDL remains high (.160 mg/ dL, 4.2 mmol/L) or decreases by ,40% in response to maximal medical treatment (1).
A complete change in lifestyle, a strict diet and intensive combined pharmacotherapy (HMG CoA reductase inhibitors are the most important components) are necessary for patients with familial hypercholesterolemia (FH) and provide excellent results in most patients. Unfortunately, these measures are not sufficient for all patients (1) (2) (3) (4) (5) (6) . Homozygous FH patients usually fail to show any response to pharmacotherapy. LDL-apheresis has become the standard treatment for individuals homozygous for FH (7) (8) (9) . In homozygous FH, statins provide a range of responses, decreasing the plasma LDL anywhere from 0% to 48%, with an average of approximately 15% for receptor-negative individuals and approximately 26% for receptor-defective individuals (5) . LDL-apheresis could be offered to treat symptomatic coronary heart disease in individuals who are heterozygous FH and whose LDL remains high (.160 mg/ dL, 4.2 mmol/L) or decreases by ,40% in response to maximal medical treatment (1) .
Term LDL-apheresis was originally used in 1981 by Stoffel et al. (10) as an immunoadsorption elimination extracorporeal method (10) . Nowadays, "LDL-apheresis" or "lipoprotein apheresis" is used for all types of extracorporeal eliminations of cholesterol. In our study we used a modification of the Stoffel and Borberg LDLapheresis-immunoadsorption method and also double filtration plasmapheresis (the primary filter is replaced by a centrifugal separator), which additionally eliminates fibrinogen and has an influence on rheological properties. For our study we will use for the first mentioned method the term "LDL-apheresis" and for the second mentioned method the term "rheohaemapheresis."
LDL-apheresis is an invasive and relatively expensive but safe procedure (11, 12) ; it decreases cholesterol radically but it is also troubling to the patient's standard
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Treatment on Vitamin E (13) . The treatment process is assumed to decrease not only cholesterol but also important antioxidants, such as vitamin E and vitamin A (7, (13) (14) (15) (16) . Additionally, other active compounds, such as enzymes, can be affected by certain methods of extracorporeal lipoprotein elimination. Superoxide dismutase (SOD) eliminates very reactive peroxide radicals and forms hydrogen peroxide with oxygen. Glutathione peroxidase (GPx) ensures detoxification peroxides (17, 18) . Malondialdehyde (MDA) is a biomarker that is formed by the lipid peroxidation of unsaturated fatty acids (18) . Antioxidant defence systems, such as enzymes or vitamins, protect the host directly and indirectly against the damaging influence of oxidants (19) (20) (21) (22) .
The antioxidant/radioprotective activity of a-tocopherol is thought to be associated with its ability to scavenge reactive oxygen species via its phenolic group (23) . By controlling the production of free radicals, vitamin E affects free radical-mediated signal transduction events and ultimately modulates the expression of genes that are regulated by free radical signalling (24) . Alternately, high concentrations of vitamin E can serve as a prooxidant (25) .
Vitamin E is rapidly transferred from chylomicrons to plasma lipoproteins that it binds to non-specifically; it is then taken up by the liver and incorporated into nascent VLDL (with selectivity in favour of a-tocopherol over the g-tocopherol), and then secreted by the liver. Vitamin E is also spontaneously transferred to apolipoprotein B-containing lipoproteins, including VLDL, LDL and HDL. Therefore, plasma tocopherols are distributed among these three lipoprotein types, with the more abundant LDL and HDL comprising the major carriers of vitamin E (24, 26, 27) . For this reason, we investigated the levels of vitamin E in each lipoprotein fraction to more accurately assess pathophysiological processes. The aim of the present work was to evaluate the acute effect of extracorporeal elimination on the levels of vitamins E (a-tocopherol) and A (retinol) of hypercholesterolemic patients who received extracorporeal lipoprotein elimination treatments for a long term (3-12 y). The cholesterol, triacylglycerols (TAG), vitamin E, and vitamin E/ cholesterol ratios in serum and the lipoprotein fractions were measured in groups of patients before and after extracorporeal lipoprotein elimination. Additionally, vitamin E was monitored in the erythrocyte membrane, which was considered to be a model of the cell membrane. Moreover, the erythrocyte levels of SOD, GPx and serum level of MDA were analysed as markers of antioxidant activity and lipid peroxidation, respectively.
METHODS
Blood samples were collected before and after extracorporeal elimination was undertaken. The study protocol was approved by the Ethical Committee of University Hospital in Hradec Králové. Informed consent was obtained from all participants. The research followed the tenets of the Declaration of Helsinki.
The blood was drawn before being rinsed. The blood samples were first centrifuged (2,000 3g, 10 min, 4˚C) and then the serum was separated and analysed immediately or frozen at 220˚C until analysis. Lipoprotein fractions were prepared from fresh serum using a gradient ultracentrifugation technique, with the addition of a sodium chloride solution of a determined density and 0.1% EDTA to avoid oxidation of the lipoproteins during ultracentrifugation. The serum lipoproteins were separated into very low-density lipoprotein ( (28) .
Patient group. A group of 12 patients received longterm treatments: 7 men and 5 women. The average age was 47617 y (range, 21-63; median 52 y). The patients included 4 individuals who were homozygous for FH and 8 heterozygous (all heterozygotes were undergoing secondary prevention, with atherosclerotic complications, such as myocardial infarction, bypass, and arterial desobliteration). The MedPed criteria were applied to the patients (29) using cut-offs for total cholesterol and LDL-cholesterol levels above the 95 percentile within the Czech population (30) , age, and family history. Furthermore, DNA-based evidence of a mutation in the low-density lipoprotein receptor (LDLR) gene was the criterion for homozygous FH. None of the patients had a mutation in the Apo-B gene. All patients were treated with high-dose statins, 1 patient in combination with fenofibrate, 2 patients in combination with bile-acid sequestrans, and 10 patients in combination with ezetimibe. The maximally tolerated doses of rosuvastatin or atorvastatin were chosen. Patients with increased levels of fibrinogen were treated by rheohaemapheresis in order to normalize this parameter.
The patients have been regularly treated with LDLapheresis or rheohaemapheresis for 3-12 y (average, 763; range, 2-11; median, 7 y). Both procedures were carried out at an accredited facility, the Blood Cell Separator Centre, University Hospital in Hradec Králové, Czech Republic, using standardised methods and by experienced personnel.
LDL-apheresis technique. Plasma separation was performed using a Cobe-Spectra continuous centrifugal separator or Optia separator (Terumo BCT, Lakewood, CO). An automatic adsorption-desorption device (Adasorb, Medicap, Ulrichstein, Germany) was used to control the repeated fillings and washings of Lipopak 400 ® adsorbers (Pocard, Moscow, Russia). In two patients, Lipocollect adsorbers (Medicollect, Rimbach, Germany) were used for 32-54 mo. Initially, our target LDL-cholesterol level after the procedure was below 1 mmol/L; currently, a more effective rate of below 0.5 mmol/L has been applied. Normal values are 1.5-3.36 mmol/L.
Rheohaemapheresis technique. Plasma was collected using a Cobe-Spectra or Optia separator (Terumo BCT) following high-speed centrifugation. The plasma were then run through a "second stage" filter (Evaflux 4A or 5A, Kuraray, Tokyo, Japan) with ethylene-vinyl alcohol hollow fibres with a hole size of 0.04 mm. Further, we used a CF-100 (Infomed, Geneva, Switzerland), which regulated inflow of plasma into the filter. The plasma flow was continuous, anticoagulation was carried out using heparin and ACD-A (Baxter, Munich, Germany), and the basic volume of processed plasma was 1.5 times the body volume, as calculated by the computer of the Cobe or Optia separator.
Analytical determination of retinol and a-tocopherol in serum, lipoprotein fractions and erythrocyte membrane. The method used in this study for the analysis of retinol and a-tocopherol in the serum and lipoprotein fractions was modified from the method previously published by Urbánek et al. and is briefly described below (31) .
In the liquid-liquid extraction (LLE) procedure, 500 mL of serum was deproteinised using cold ethanol with 5% of methanol. Then, n-hexane was added to this mixture and extracted using a vortex apparatus. After centrifugation, an aliquot of the clean extract was separated and evaporated in a concentrator. The residue was dissolved in 400 mL of methanol and analysed using a Prominence HPLC system (Shimadzu, Kyoto, Japan). The separation of retinol and a-tocopherol was performed using the Chromolith Performance RP-18e monolithic column (Merck, Darmstadt, Germany). The detection of retinol and a-tocopherol was carried out at 325 and 295 nm, respectively, using a diode array detector.
The level of a-tocopherol in the erythrocyte membrane was analysed using a modified HPLC method previously published by Solichová et al. (32) . A Chromolith Performance RP-18e monolithic column, 10034.6 mm (Merck) with the same sample pretreatment that was applied prior to HPLC analysis was used for the chromatographic separation.
Analytical determination of cholesterol and triacylglycerols. The serum cholesterol and TAG were determined using a MODULAR analyser (Hoffmann-La Roche, Basel, Switzerland) with commercially available kits according to the manufacturer's instructions. The same methods were used to evaluate the cholesterol and TAG levels in the lipoprotein fractions.
Analytical determination of enzymes. The erythrocyte glutathione peroxidase was determined spectrophotometrically using a commercial kit (Ransel, Randox, Crumlin, United Kingdom) according to the manufacturer's instructions and the elimination of absorbance at a wavelength of 340 nm (Cobas Mira, Roche, Basel, Switzerland).
The serum malondialdehyde was measured as a red complex with thiobarbituric acid at 485, 532 and 560 nm using a Beckman DU 640 spectrophotometer (Beckman, Palo Alto, CA).
Superoxide dismutase was determined spectrophotometrically using a commercial kit (Ransod, Randox) according the manufacturer's instructions and the elimination of absorbance at a wavelength of 505 nm (Secomam, Ales, France).
Statistical analysis. The NCSS 2007 software (Kaysville, UT) was used to perform statistical evaluations of the changes in each measured parameter before and after extracorporeal elimination therapy. The evaluations were performed using the un-parametrical Mann-Whitney U and Wilcoxon Signed-Rank tests. Statistical significance was based on p#0.05.
RESULTS

Cholesterol and triacylglycerols
The decreases in the cholesterol levels are presented in Table 1 . These results indicate that both extracorporeal elimination methods are effective and suitable treatments, as the cholesterol decreased with both methods in the low-density lipoprotein (LDL) fraction by approximately 77% and 66% for LDL-apheresis and rheohaemapheresis, respectively. Cholesterol was measured for both methods in the various lipoprotein fractions. Levels in the very low-density lipoprotein (VLDL) fraction decreased by 68% and 66%. Levels in the high-density lipoprotein (HDL) fraction exhibited lower decreases relative to those of the other fractions, by 33% and 39% for apheresis and rheohaemapheresis, respectively.
The first three measurements and the last three measurements of the monitored period were compared, and no significant differences were observed for either extracorporeal elimination method. The means of the first and last three measurements of cholesterol levels were 5.8661.32 mmol/L and 5.6061.35 mmol/L, respectively.
Triacylglycerols (TAG) exhibited decreases in the serum and in the VLDL and LDL fractions in both methods. The initial levels decreased by approximately half (48-58%). Conversely, the level of TAG in HDL increased during LDL-apheresis by 16%, but this increase was not significant. Rheohaemapheresis decreased the level of TAG in the HDL fraction by 27%. All of the results for cholesterol and TAG are presented in Table 1 .
Vitamin E
Both methods of extracorporeal lipoprotein elimination significantly decreased the levels of vitamin E in the serum and all lipoprotein fractions ( Table 1 ). The decreases in the serum were by 54% and 57%, respectively. The levels in the various lipoprotein fractions exhibited decreases that ranged from 36-73%. However, decreases in the vitamin E/cholesterol ratio were not observed in the serum or in the VLDL and LDL fractions, which showed significant increases that ranged from 5-61%. There was only a significant decrease (1-6%) of the vitamin E/cholesterol ratio in the HDL fraction. These results are presented in Table 2 .
The results (Table 1 ) confirmed a slight increase in the level of vitamin E in erythrocyte membranes of 2% during LDL-apheresis (not significant), as well as a significant increase of 4% during rheohaemapheresis.
Vitamin A and other metabolites
Both methods of extracorporeal lipoprotein elimination significantly decreased the levels of vitamin A in the serum (Table 1 ). The total decrease in this vitamin was approximately 20%.
The erythrocyte superoxide dismutase and erythrocyte glutathione peroxidase did not exhibit any significant changes. Similar results were observed for serum malondialdehyde, which was monitored as a marker for the oxidative degradation or lipoperoxidation of cellular membranes (Table 1) .
DISCUSSION
The lipid-soluble vitamin E (tocopherols) antioxidants, including a-and g-tocopherol, are an important front line defense (33) . We have confirmed that patients treated using extracorporeal methods undergo a significant decrease in their vitamin E levels in serum and lipoprotein fractions. However, this decrease was partly expected due to the disposition of the treatment methods. It is supposed that vitamin E has suppressive effects on atherosclerosis through antioxidant action (14) . A reactive oxygen species attack can lead to a major depletion of antioxidants such as vitamin E (33) . Vitamin E is essential, along with cholesterol, for the structural stability of membranes (34, 35) . Indeed, a relation between the vitamin E content and resistance against oxidation of LDL has not been demonstrated, unless vitamin E was supplemented (36) . This vitamin partially controls lipid peroxidation and oxidative stress-related disease including end-storage renal disease (37) . Vitamin E-coated membranes are proved to increase vitamin E levels in plasma and therefore scavenge reactive oxygen species and reduce oxidative stress (37) . Circulating tocopherol is well known to be distributed among all classes of lipoproteins, and between lipoproteins and red blood cell membranes (38, 39) . For this reason, we observed the vitamin E/cholesterol ratios in the serum and in the various lipoprotein fractions. Antioxidant activity was not heavily affected, which was confirmed by examining the ratios of vitamin E/cholesterol, which significantly increased in the serum and the VLDL and LDL fractions and slightly decreased in the HDL fraction. Furthermore, we determined the levels of vitamin E in the erythrocyte membranes, as this vitamin is almost exclusively located in membranes (24) . Wang and Quinn investigated rat plasma and reported that the levels reached a maximum after 48 h, and the liver was the main organ in which the vitamin had been accumulated. The levels in the kidney, heart, muscle and brain continued to increase throughout a 6-wk period (40) .
In addition, erythrocytes are the major cellular component of blood, and erythrocyte membrane fluidity can be affected by diseases associated with oxidative stress (41) . A study by Rajasekaran et al. proposed that the regulation of a-tocopherol levels in membranes is critically important to maintain the erythrocyte membrane structure and function (42) . Recently, it has been hypothesized that a-tocopherol partitions into domains of membranes that are rich in polyunsaturated phospholipids, amplifying the concentration of the vitamin where it is most needed (43) . The presented results indicated that vitamin E in erythrocytes did not change after LDL-apheresis and showed only a slight increase (although it was significant) after rheohaemapheresis. These results were also expected, as mentioned above.
Vitamin A is an important micronutrient that has an unusually wide range of vital biological functions (e.g., morphogenesis, vision, embryonic development, reproduction, immune function) in the mammalian system (44) . In healthy individuals, plasma vitamin A is maintained within a narrow range (0.88-2.76 mmol/L in adults; typically approximately half that in newborn infants) despite widely varying intakes of vitamin/provitamin A. Vitamin A levels are significantly reduced, although not below the normal value, during extracorporeal lipoprotein elimination.
Ascorbate administration can be useful to lower the levels of hydrogen peroxide and proinflammatory mediators in patients undergoing apheresis (45) . It was also initially hypothesized that ascorbic acid may decrease lipoprotein(a) concentrations; however, a study in 100 healthy people did not confirm this hypothesis (46) . Though ascorbic acid proved strong scavenging H2O2 activity, in our study, we focused only on fat soluble vitamins. Oxidation of LDL and the formation of lipid hydroperoxides are now widely accepted as a crucial step in atherogenesis. One important decomposition product of lipid hydroperoxides is MDA, which is derived from unsaturated fatty acids carrying more than two double bounds (47, 48) . However, according to observation of Schettler et al. (48) no difference between hyperlipidemic patients undergoing LDL-apheresis and coronary heart disease patients not undergoing extracorporeal treatment was confirmed. Nevertheless, an increased concentration in both patients groups has been claimed (48) .
The antioxidant enzymes superoxide dismutase (SOD) and glutathione peroxidase (GPx) work together to remove reactive oxygen species from the cell in order to prevent oxidation of biological material. The enzyme SOD reduces the superoxide anion to hydrogen peroxide, which is further reduced to water by the actions of glutathione peroxidase. Exposure to fluoride induces increased lipid peroxidation measured as malondialdehyde by altering the activity of antioxidant enzymes: SOD, CAT, and GPx (49-51). The major function of GPx is to reduce soluble hydrogen peroxide and alkyl peroxides (52) . GPx uses glutathione as the hydrogen donor, and produces GSSG (glutathione disulfide) and water (53) . Under normal physiological conditions the pathways of SOD and GPx are complemented by the additional hepatocellular antioxidants, glutathione (GSH), vitamin E and ascorbate (49, 50) .
Protection against toxic effects of oxygen radicals is represented by antioxidant enzymes such SOD and GPx. SOD seems to be the first line of defence against oxygen radicals generated by phagocytes. Schettler et al. (48) suppose that no critical concentration of oxygen radicals is achieved during LDL-apheresis process, since SOD activity is not affected. GPx is a selenoprotein that reduces lipid and other organic hyperperoxides including peroxide. In agreement with our findings, GPx was not affected by LDL apheresis. However, Schettler et al. (48) observed a decrease of selenium plasma concentration and explained it by partial removal of LDL, since LDL particles play an important role in selenium transportation in plasma.
According to our results, there were significant decreases in the serum vitamin E and lipoproteins. However, the vitamin E/cholesterol ratios significantly increased or slightly decreased in the HDL fraction. These ratios provide the most important information regarding oxidative processes. Additionally, it was confirmed that the levels of vitamin E remained constant in the membranes. The vitamin A levels were significantly reduced, but not below the baseline value. The other measured compounds, such as the serum MDA, erythrocyte SOD, and erythrocyte GPx were not significantly affected by the LDL-apheresis or rheohaemapheresis processes.
The presented results indicate that, based on the serum oxidation activity of the lipoprotein fractions and the erythrocyte membrane, LDL-apheresis and rheohaemapheresis can be considered to be safe procedures for the treatment of familial hypercholesterolemia.
